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(57)Abstract: 

PURPOSE: To develop a Cr series heat resistant steel excellent in high temp, strength, 
particularly in high temp, creep strength by incorporating fine Ta and Nb oxides into a low 
alloy steel having a specified compsn. 

CONSTITUTION: Molten steel having a compsn. contg., by weight, 0.05 to 0.30% C, 0.05 to 
1.0% Si, 0.05 to 2.0% Mn, 1.0 to 5.0% Cr, 0.01 to 1.0% Ni, 0.3 to 2.0% Mo, 0.003 to 0.050% 
N and 0.05 to O.50% V or furthermore contg. 0.03 to 3.0% W and one or >two kinds among 
0.05 to 1 .50% Cu, 0.005 to 0.05% Ti, 0.0005 to 0.01 % B and 0.01 to 3.0% Co or moreover 
contg. one or >two kinds among 0.001 to 0.02% Al, Mg, Y, Zr, Hf and Ca is added with Ta205 
powder and Nb205 powder in such a manner that they are dispersed so as to regulate the 
total of Ta205 and Nb205 having <1um grain size to 0.3 to 2.0vol.% in the steel, and the 
components are regulated in such a manner that the total of total Ta and total Nb contg. Ta 
and Nb as solid solution or carbonitride is regulated to 0.25 to 2.5%. 
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CLAIMS 



[Claim(s)] 

[Claim 1] C:0.05 - 0.30wt% and Si:0.05 - 1.0wt% and Mn:0.05 - 2.0wt%, Cr: 1.0 - 5.0wt% and 
nickel:0.01 - 1.0wt% and Mo:0.3 - 2.0wt%, N : 0.003 - 0.050wt%, V : 0.05 - 0.50wt%, Tantalum oxide 
+ niobium oxide : All amount of Nb(s):0.25-2.5wt% including Nb which exists as all amount of Ta + 
niobium oxide including Ta which exists as tantalum oxide is included 0.3 - 2.0vol%. Cr system heat- 
resisting steel excellent in the high temperature strength which consists of the remainder Fe and an 
unescapable impurity, and is characterized by the mean particle diameter of tantalum oxide and niobium 
oxide being 1 micrometer or less. 

[Claim 2] W:0.03 - 3.0wt% is contained, and they are Cu:0.05 - 1.50wt% and Ti:0.005 - 0.05wt% and B 
further. : Cr system heat-resisting steel excellent in the high temperature strength according to claim 1 
characterized by containing 1 of Co:0.01 - 3.0wt% of sorts, and two sorts or more 0.0005 - 0.01wt%. 
[Claim 3] aluminum: 0.001 - 0.02wt% and Mg:0.001 - 0.02wt%, Y : Cr system heat-resisting steel 
excellent in the high temperature strength according to claim 1 or 2 characterized by containing 1 of 
calcium:0.001 - 0.02wt% of sorts, and two sorts or more HfO.OOl - 0.02wt% ZnO.001 - 0.02wt% 0.001 
- 0.02wt%. 



[Translation done.] 
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[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to Cr system heat-resisting steel excellent in high 
temperature strength indispensable to a thermal-protection-system object, especially elevated- 
temperature creep strength. 
[0002] 

[Description of the Prior Art] The ferritic heat resisting steel which has high creep strength as a 
structural steel by which long duration use is carried out by the elevated temperature and the high stress 
load is demanded strongly. As an example of the steel with which this kind of application is presented, 
there is JIS STBA24 (2.25Cr-lMo steel) and SCMV4 (1.25Cr-0.5Mo-0.3V steel). 
[0003] Moreover, 14 Cr-Y 203 shown in JP,63-50448,A as steel which was made to contain an oxide 
and was made to high-intensity-ize There is steel. The mechanical alloying method which is the powder 
metallurgy-technique when it is the aforementioned steel, since floatation will be carried out as a slag if 
an oxide is generally added to molten steel and it is difficult for the interior of steel to distribute an oxide 
is used, and it is Y2 03. It is made to distribute. Cr-W-Ta 205 given [ as heat-resisting steel ] in 
Japanese Patent Application No. No. 45820 [ four to ] which distributed the oxide in steel with the 
solution process There is steel. 
[0004] 

[Problem(s) to be Solved by the Invention] With steel, high temperature strength is conventionally 
raised using solid solution strengthening by precipitation strengthening by carbide, Mo, etc. However, 
since big-and-rough-izing of a sludge and a deposit of a dissolution element arise in an elevated- 
temperature long duration side and high temperature strength falls, the steel which is stabilized also in 
elevated-temperature long duration and maintains reinforcement is required. 

[0005] On the other hand, since steel given in JP,63-50448,A is manufactured by powder-metallurgy 
processing, it serves as cost quantity and is unsuitable to a structural member. Moreover, since an 
application is an object for nuclear fusion reactor first walls, elements, such as Mo, Nb, and nickel, are 
restricted severely and steel given in Japanese Patent Application No. No. 45820 [ four to ] serves as 
cost quantity as a general object for elevated-temperature devices. This invention distributes an oxide, 
and raises high temperature strength, and it aims at providing general elevated-temperature devices with 
the steel which is moreover low cost. 
[0006] 

[Means for Solving the Problem] this invention persons discovered the oxide (tantalum oxide, niobium 
oxide) minutely distributed in steel with a solution process, as a result of repeating research that said two 
technical problems should be solved. This invention constitutes Cr system heat-resisting steel which was 
excellent in high temperature strength with distribution into the steel of this oxide based on the 
knowledge that the strong failure operation over the sliding motion of a rearrangement can be given. 
[0007] The place made into the summary of this invention is as follows. 

(1) C:0.05 - 0.30wt% and Si:0.05 - 1.0wt%, Mn: 0.05 - 2.0wt% and Cr:1.0 - 5.0wt% and nickehO.Ol - 
1.0wt%, Mo: 0.3 - 2.0wt%, and N:0.003 - 0.050wt %, V:0.05 - 0.50wt% and tantalum oxide + niobium 
oxide : 0.3 - 2.0vol%, The total amount of Nb(s) including Nb which exists as all amount of Ta + 
niobium oxide including Ta which exists as tantalum oxide : 0.25 - 2.5wt% is included. Cr system heat- 
resisting steel excellent in the high temperature strength which consists of the remainder Fe and an 
unescapable impurity, and is characterized by the mean particle diameter of tantalum oxide and niobium 
oxide being 1 micrometer or less. 

[0008] (2) Cr system heat-resisting steel excellent in the high temperature strength of the preceding 
clause 1 publication which contains W:0.03 - 3.0wt%, and contains 1 of Co:0.01 - 3.0wt% of sorts, and 
two sorts or more B:0.0005 - 0.01 wt% Ti:0.005 - 0.05wt% Cu:0.05 - 1.50wt% further. 
(3) Cr system heat-resisting steel excellent in high temperature strength the preceding clause 1 which 
contains 1 of calcium:0.001 - 0.02wt% of sorts, and two sorts or more HfO.OOl - 0.02wt% ZnO.001 - 
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0.02wt% Y:0.001 - 0.02wt% Mg:0.001 - 0.02wt% aluminum:0.001 - 0.02wt%, or given in two. 
[0009] 

[Function] The reason for component limitation of this invention is explained below. Although more 
than 0.05wt% is required from the point that it is the basic element of the reservation on the strength by 
carbon nitride deposit, if 0.30wt% ** is added, the compound carbon nitride of Nb, Ta, V, or Cr deposits 
big and rough, and C's is disadvantageous on the purpose of dispersion strengthening. Then, the upper 
limit of C is made into 0.30wt(s)%. 

[0010] Si is important as deoxidation material and needs at least 0.05 wt(s)%. however, 1.0wt% - when 
it super-adds, tantalum oxide and/or niobium oxide are returned, and for this reason, creep strength falls 
remarkably. Therefore, the amount of Si is made into 0.05 - 1 .0wt%. Although Mn is important because 
of deoxidation and hardenability reservation and it is necessary to secure at least 0.05 wt(s)%, creep 
strength falls in addition of 2.0wt% **. For this reason, the amount of Mn is made into 0.05 - 2.0wt%. 
[001 1] since Cr is important when securing reinforcement and corrosion resistance — at least 1 .0 wt% — 
although it is required, weldability deteriorates by addition of 5.0wt% **, and creep strength falls. 
Therefore, the amount of Cr(s) is made into 1.0 - 5.0wt%. nickel is required 0.01% or more, in order to 
secure toughness and hardenability. However, since the fall of creep strength is invited to coincidence, 
an upper limit is made into 1.0wt(s)%. 

[0012] since Mo serves as remarkable creep resistance when it dissolves to radical underground and 
deposits [ and ] minutely as a compound between carbon nitride metallurgy groups - at least 0.3 wt% -- 
although it is required, in order for depositing [ of a delta ferrite ] to become remarkable and to cause big 
and rough-ization of an intermetallic compound, a strong remarkable fall takes place by addition of 
2.0wt% **. For this reason, the amount of Mo is made into 0.3 - 2.0wt%. 

[0013] It needs at least 0.003 wt% in order to contribute to improvement in remarkable creep resistance 
whether it dissolves to radical underground or N deposits as carbon nitride and. However, when 
0.050wt% ** is added, reinforcement comes to fall on the contrary. Therefore, the amount of N is made 
into 0.003 - 0.050wt%. V is the element most important when making it deposit as carbon nitride and 
securing reinforcement. In order to demonstrate the effectiveness, more than 0.05wt% is required. 
However, addition of 0.50wt% ** causes the deposit of a delta ferrite. Therefore, the amount of V is 
made into 0.05 - 0.50wt%. 

[0014] The effectiveness of niobium oxide (mainly Nb 205) is the same as the effectiveness of tantalum 
oxide (mainly Ta 205). Tantalum oxide and niobium oxide work as a source of dispersion 
strengthening, and raise elevated-temperature creep rupture strength remarkably. The effectiveness has 
both remarkable sum total at more than 0.3vol%. However, the addition exceeding 2.0vol% causes the 
fall on the strength resulting from an on the contrary ductile fall. Moreover, a lot of [ that tantalum oxide 
and niobium oxide are comparatively expensive and ] addition is not desirable. Therefore, it limited to 
less than [ more than 0.3vol%2.0vol% ]. It has the description of not rising to surface as a slag even if 
the specific gravity of tantalum oxide and niobium oxide is still heavier about 8.7 or more and a little 
respectively and it adds in molten steel, tantalum oxide — Ta 205 others ~ Ta6 O, TaO, Ta2 O, Ta02, 
Ta 0.83O2, Ta 0.97O2, Ta 0.8O2, Fe4 Ta 209, FeTa04, FeTa06, Ta2 Cr06, and CrTa04 etc. it 
exists in a form, niobium oxide - Nb 205 others - Nb6 O, NbO, Nb2 O, Nb02, Nb 12029, Nb02.46, 
Fe4 Nb 209, FeNb04, FeNb 490124, FeNb 1 1029, Nb0.6 Cr 0.4O2, and CrNb04 etc. - it exists in a 
form. Moreover, when compounding niobium oxide and tantalum oxide and adding, it exists also in the 
form which the Nb4 Ta2 015 grades Nb and Ta compounded, and was connected with oxygen. 
[0015] Mean particle diameter of tantalum oxide and niobium oxide was set to 1 micrometer or less for 
toughness falling remarkably that the number per unit area of tantalum oxide and niobium oxide 
decreases, and about [ not leading to improvement in elevated-temperature creep rupture strength ], 
tantalum oxide, and niobium oxide tend to become the origin of a brittle fracture, even if an addition was 
proper within the limits, when mean particle diameter exceeded 1 micrometer, so that it is 1 micrometer 
or less - elevated-temperature creep rupture strength - improving . 

[0016] In addition, the rate of the volume of an oxide is measured as follows, and is computed according 
to following the (1) type, namely, the extract replica of the steel materials concerned - an optical 
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microscope - or electron microscope observation is carried out and particle size is measured directly 
from a photograph. At this time, a suitable scale factor is chosen by 1000 to 50000 times, and 100 or 
more oxides are measured with three or more visual fields. When the configuration of an oxide is not a 
circle, let a projected area diameter be particle size from the area of an oxide. 
[0017] 
[Equation 1] 

3.14 »I£lfc»ftWa 

tmmw = — • x 

<ttg©2»©TOtt Cum 2 ) ) X100 (1) 

[0018] Although that in which Ta exists as tantalum oxide and Nb exists as niobium oxide is most, a 
part exists also as Dissolution Ta and Nb, or Ta (C, N) and Nb (C, N). A part of Ta added before adding 
tantalum oxide or niobium oxide in molten steel, thing to depend on Nb, tantalum oxide, or niobium 
oxide decomposes these Ta and the source of Nb. the time of tantalum oxide + niobium oxide being 
0.3vol(s)% ~ all Ta+ totals - Nb becomes 0.25wt(s)%. further - all Ta+ totals if 2.5wt(s)% is 
exceeded as an amount of Nb(s), in order to cause the fall of creep ductility - all Ta+ totals - Nb was 
limited to less than [ more than 0.25wt%2.5wt% ]. 

[0019] since W becomes remarkable creep resistance when it dissolves to radical underground and 
deposits [ and ] minutely as a compound between carbon nitride metallurgy groups — at least 0.03 wt% - 
- although it is required, in order to cause big and rough-ization of an intermetallic compound, a strong 
remarkable fall takes place by addition of 3.0wt% **. For this reason, the amount of W is made into 
0.03 - 3.0wt%. Although Cu, Ti, B, and Co raise hardenability and raised creep strength and toughness, 
since creep ductility would fall, and creep rupture time would decrease and it would lifting-come to be 
easy of welding cold brittleness if it adds superfluously, it limited to Co:0.01 - 3.0wt% B:0.0005 - 
0.01 wt% Ti:0.005 - 0.05wt% Cu:0.05 - 1.50wt%, respectively. These elements have big effectiveness by 
the case of the thick steel plate of board thickness. 

[0020] Although aluminum, Mg, Y, Zr, Hf, and calcium were effective in raising toughness, in order 
that superfluous addition might return tantalum oxide and niobium oxide and might reduce creep 
strength, it was limited to calcium:0.001 - 0.02wt% Hf:0.001 - 0.02wt% ZnO.OOl - 0.02wt% Y:0.001 - 
0.02wt% Mg:0.001 - 0.02wt% aluminum:0.001 - 0.02wt%. As for addition of these elements, it is 
desirable to add in molten steel before addition of tantalum oxide and niobium oxide. 
[0021] 

[Example] The sample offering steel of the component range shown in Table 1, Table 2 (continuation of 
Table 1), Table 3, Table 4 (continuation of Table 3), Table 5, and Table 6 (continuation of Table 5) was 
produced by vacuum melting, hot rolling, normalizing, and tempering processing. The creep rupture test 
was performed and the creep rupture strength of 600 degrees C / lOOOOh was measured. 
[0022] In addition, after filling up an iron fixture with tantalum oxide powder and niobium oxide 
powder, they were added in molten steel. Although tantalum oxide and niobium oxide are oxides, they 
are distributed in steel, without doing condensation and surfacing of. The rate of the volume of the 
tantalum oxide + niobium oxide in Table 1, Table 3, and Table 5 is computed from a formula (1). 
Tantalum oxide and the rate of the volume of each niobium oxide multiplied by it and computed the 
mixing ratio at the time of addition to the total rate of the volume. This is because it is difficult to 
discriminate niobium oxide from tantalum oxide only with a photograph. 

[0023] Inside of the steel shown in Table 1 - 6 No.1-15 are the steel of the component range of this 
invention, and No. 16- 39 are the comparison steel outside this invention range. Each this invention steel 
excels [ creep rupture strength ] in 140 or more MPas and elevated-temperature creep rupture strength 
(reinforcement is called below). Moreover, reinforcement is high, so that there are many amounts of 
oxides in this invention steel No. 1-3. 

[0024] Reinforcement became low, in order that C might be under a minimum and comparison steel 
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No. 16 might not have effective precipitation strengthening. Since comparison steel No. 17 had 
superfluous C, carbon nitride made it big and rough, and reinforcement became low. Since deoxidation 
was insufficient for comparison steel No. 18 since Si was under a minimum, and many defects existed in 
the ingot by dissolved oxygen, reinforcement became low. 

[0025] Since the oxide was returned since Si was superfluous, and the amount of oxides was insufficient 
for comparison steel No. 19, reinforcement became low. Mn was under a minimum, and since quenching 
was inadequate, as for comparison steel No.20, reinforcement became low. Since comparison steel 
No.21 had superfluous Mn, reinforcement became low. 

[0026] Since comparison steel No.22 had superfluous Cr, reinforcement became low. Since comparison 
steel No.23 had superfluous nickel, reinforcement became low. Mo was insufficient for comparison steel 
No.24, and since solid solution strengthening was not effective, reinforcement became low. Comparison 
steel No.25 had superfluous Mo, and since the intermetallic compound made it big and rough, 
reinforcement became low. 

[0027] V was insufficient for comparison steel No.26, and since precipitation strengthening was not 
effective, reinforcement became low. Comparison steel No.27 had superfluous V, and since the delta 
ferrite deposited, reinforcement became low. N was insufficient for comparison steel No.28, and since 
precipitation strengthening was not enough, reinforcement became low. 

[0028] Since comparison steel No.29 had superfluous N, reinforcement became low. The oxide was 
insufficient for comparison steel No.30, and since dispersion strengthening was not enough, 
reinforcement became low. Comparison steel No.31 had the superfluous oxide, and since ductility fell, 
reinforcement became low. 

[0029] comparison steel No.32 - an oxide and all Ta+ totals - Nb - it both ran short, and since 
dispersion strengthening was not enough, reinforcement became low. comparison steel No. 33 — all Ta+ 
totals ~ Nb was superfluous, and since ductility fell, reinforcement became low. Comparison steel 
No.34 had a big and rough particle size of an oxide, and since dispersion strengthening ran short, 
reinforcement became low. 

[0030] Comparison steel No.35 had superfluous W, and since the intermetallic compound made it big 
and rough, reinforcement became low. Comparison steel No.36 have superfluous Ti and reinforcement 
became low with the fall of creep ductility. Comparison steel No.37 have superfluous B and 
reinforcement became low with the fall of creep ductility. 

[0031] Since comparison steel No.38 have Cu and superfluous Mg, and creep ductility fell and tantalum 
oxide was returned, reinforcement became low. Comparison steel No.39 had aluminum and superfluous 
Zr, and since tantalum oxide was returned, reinforcement became low. comparison steel No. — since 
tantalum oxide is returned, compared with the total amount of Ta, as for each of 38 and 39, the amount 
of tantalum oxide is falling remarkably. Moreover, condensation big and rough-ization of an oxide is 
caused. 
[0032] 
[Table 1] 
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0. 66 




21 


0.11 


0. 53 


2.38 


3.01 


0. 33 


0. 99 


0.28 


0.019 


0.01 


0. 62 


0. 63 




22 


0. 15 


0. 79 


0. 43 


5. 91 


0. 26 




0 2"? 

U • CO 


0 02? 


0.01 


0. 64 


0. 65 




23 


0.22 


0. 13 


0.67 


3. 23 


1. 12 


1. 11 


0.28 


0.040 




0. 61 


0. 61 


m 


24 


0.18 


0. 06 


1.33 


3. 05 


0. 12 


0. 19 


0.26 


0. 009 




0. 70 


0. 70 




25 


0. 23 


0.44 


1.18 


3. 25 


0. 90 


2. 11 


0.23 


0. 006 




0. 60 


0. 60 




26 


0.14 


0. 39 


0.52 


3. 03 


0. 20 


1.45 


0.03 


0. 020 


0.22 


0. 41 


0. 63 




27 


0. 06 


0. 16 


0.06 


3.01 


0.06 


1. 56 


0.60 


0.018 


0.21 


0. 90 


1.11 



[0035] 
[Table 4] 





Na 


£Ta 


£Nb 


£Ta 
+ 


mt 
tig 


« K x I 


9 % ) —"f 

a & 






wtX 


wtX 


wtX 




wtX 


(MPa) 




16 


0. 61 




0.61 


0. 23 




111 




17 


0. 61 




0.61 


0. 22 




112 




18 


0. 65 




0.65 


0. 22 




115 




19 


0.60 




0.60 


0. 22 


W:2. 8. Ti :0. 012 


109 


it 


20 


0. 19 


0. 30 


0.49 


0.21 




115 




21 


0. 01 


0.43 


0.44 


0.20 




112 


t* 


22 


0. 01 


0.44 


0.45 


0.20 




110 




23 




0. 43 


0.43 


0.23 




114 


ft 


24 




0. 49 


0.49 


0.27 




112 




25 




0. 50 


0.50 


0.07 




118 




26 


0. 20 


0. 35 


0.55 


0.07 




119 




27 


0. 19 


0. 64 


0.83 


0.07 




118 



[0036] 
[Table 5] 
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Net 


i 


t ¥ 


ffl fli(wtX) 










u 


0 1 


Mo 


vr 


Mi 
IN 1 


if H 

NO 


M 

V 


N 


mi 
»** 


mt 

:t1 


+mt-t 






vrtX 


wtX 


wtX 


wtX 


WtX 


wtX 


7,1% 


wtJK 


voIX 


voIX 


1 voIX 




28 


0.09 


0.21 


0.23 


3. 93 


0. 11 


1.54 


0.27 


0.001 


0.25 


0.90 


1. 15 




29 


0. 17 


0. 18 


0.64 


3. 23 


0. 10 


1.58 


0.25 


0.056 


1.05 


0.07 


1. 12 




30 


0. 10 


1.35 


0.53 


3.21 


0. 13 


1. 11 


0.25 


0.013 


0.04 


0.17 


0.21 




31 


0. 12 


0. 33 


0. 64 


3. 44 


0.13 


0.45 


0.23 


0.012 


0.72 


1.66 


2. 38 


it 


32 


0.07 


0.06 


0. 48 


4.51 


0. 10 


0. 96 


0.46 


0. Oil 


0.21 


0.01 


0. 22 




33 


0.08 


0.11 


0.22 


4.91 


0.11 


1.04 


0.27 


0.011 


0. 25 


0.90 


1.15 


& 


34 


O A7 






0. uL 


0. 68 


fl QC 

U. \}s) 


n or 

U. CO 


O AIR 


1.05 


0.05 


1. 10 




35 


0.08 


0. 22 


0.23 


2. 59 


0. 15 


1.05 


0.25 


0.016 


O 89 


0 05 


0 94 

v. 3*» 


a 


36 


0.07 


0.21 


0.24 


2. 22 


0. 12 


0. 98 


0.24 


0.016 


0.91 


0.04 


0. 95 




37 


0.08 


0.22 


0.21 


2.32 


0. 15 


0. 97 


0.25 


0.012 


0. 95 


0.06 


1.01 




38 


0. 07 


0.25 


0.24 


2. 32 


0. 14 


0. 98 


0.25 


0.011 


0.18 


0. 05 


0. 23 




39 


0. 07 


0.22 


0.24 


3. 02 


0. 13 


1.01 


0.24 


0.014 


0. 14 


0.05 


0. 19 





























[0037] 

[Table 6] 

5 ood 





Na 


£Ta 


£Nb 


£7a 
f 


SSHt 


» * 5c * 


? ') -7 










£Nb 


as 






8 K 

S BE 






wtX 


wtX 


wtX 




wtX 


(MPa) 




28 


0. 22 


0. 63 


0. 85 


0. 07 


W.-0. 4. B:0. 0020. Al : 0. 010 


115 




29 


0.88 


0. 04 


0.92 


0. 55 


W : 0. 05. Co : 0. 79, Mg : 0. 006. Y : 0. 005 


107 




30 


0. 13 


0. 12 


0. 25 


0. 55 


W:0. 03. B:0. 0030. Zr:0. 006 


96 




31 


0. 59 


1. 16 


1.75 


0. 54 


W : 0. 03. B : 0. 0029. Hf : 0. 005, Ca : 0. 013 


110 


Jt 


32 


0. 17 


0.01 


0.18 


0. 56 


W:1.44.Cu:0. 36. Al :0. Oil. Hg:0. 007 


101 




33 


2.21 


0.63 


2.84 


0. 51 


W:0. 05. Co:1.6. Al:0.015. Ca:0. 011 


98 


R 


34 


0.85 


0.03 


0. 88 


1.95 


W:0. 05,Tl:0.01.Mg 


0. 006. Zr:0. 008 


89 




35 


0. 79 


0.03 


0.82 


0.21 


«:3.55.Ti:0.01.Mg 


.0. O06.Zr:O. 008 


105 


01 


36 


0.81 


0.03 


0.84 


0. 22 


W:0. 05,Ti:0.09,Mg 


0. 006. Zr:0. 008 


91 




37 


0. 82 


0. 10 


0.92 


0.21 


W:0. 05, B:0. 016. Ms 


0.006. Zr:0. 008 


no 




38 


0.76 


0. 03 


0.79 


0. 59 


W:0.05, Curl. 91, Ms 


0. 026.Zr:0. 008 


103 




39 


0.86 


0.03 


0.89 


0. 85 


W:0.05.Ti:0.01.Al 


0. 028, Zr:0. 031 


89 



[0038] 

[Effect of the Invention] Cr system heat-resisting steel which was excellent in high temperature strength, 
especially elevated-temperature creep strength with this invention can be offered now, and the 
contribution to lightweight-izing of a thermal-protection-system object, improvement in dependability, 
etc. is large. 



[Translation done.] 
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=P36»a»*9f«20- 1 3rB*»Ba*5£ 














(74)f$SA 


#S!± *K fa* 



(54) BBW©***] i6fiiilfl[»CfiinfcCr»W!»»! 



(57) [gift] (iHlE*) 

im&] m&%X\ C : 0. 0 5-0. 3 0, S i : 

0. 05~1. 0. Mn:0. 0 5-2. 0, Cr : 

1. 0-5. 0, Ni : 0. 01-1. 0,Mo:0. 
3-2. 0, N : 0. 0 0 3-0. 0 5 0, V : 0. 0 
5-0. 5 0, MMtfiyflUblXtti-iTa. 

**>fc£NbM:0. 25-2. 5T\ Kft^fJA'+K 
it-*7:0. 3-2. 0vol%T\ EMFeRl^ 
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[ftt^l] C : 0. 05-0. 30wt%, 
S i : 0. 05-1. 0wt%, 
Mn : 0. 05-2. 0wt%. 
Cr : 1. 0-5. 0wt%. 
N i : 0. 0 1 — 1. 0wt%, 
Mo : 0. 3-2. 0wt%. 
N : 0. 003-0. 050wt%. 
V : 0. 05-0. 50wt%. 



2 o 3 ztt&zitx^h. mmmffikvmwzm 
zitkmssMk txnw&4-4 5 8 2 o-we«*>c r 

-W-Taa 05 mtfbl. 



[0004] 



WML* yf : 0. 3-2. 0vol%, 10 h, 

WHtfyffrtlX&tet 5TaJ#)6^Tai+i [0005] —2k 1«MB6 3 - 5 04 4 8^&fgfS® 

ft-*7fcL-t#£-fSNb£-&V>££Nb*: 0. 2 aMtt&$»*&<CJ: ^>T IBS Six 6 h^t^r 

5-2. 5wtX£*». 8&FeM^FTO<PF*#i*l oTlliMWKcHPRre**. 4fe«« J F4 -4 582 

*«l)umWTT'J)-l>C:i:?:#ai:-tl)iSa^SCffi^ o, Nb, N i*arc^KL<MR^hHR*>ffiM 

[W*82] W: 0. 03-3. 0wt%£*WU m£*XW§m8&.W>. U>t>fc3XhT*>S8l£ 

§£>{;:Cu:0. 05-1. 50wt%. -««ffl«Sfflt^-ri»>I t £gWfc 

Ti : 0. 005— 0. 05wt%. [0006] 

B : 0. 0005-0. 0 lwt%, 20 [M*»Hfc**fc*>«>¥R] *f8<!l^liB?ffi20<7) 

Co : 0. 0 1-3. 0wt% SH*«raf-*<flf££fifcfc8*. JSUHfefc-CMI+t: 

*n$g i tmmmaaMuzwxkc r %mmi. m.tti. *wmz<r)mm<r>m*<\mmzx. *>x 

Hl*fl3] Al : 0. 001-0. 02wt% s IsSLnt^mm^tt 4av«#fWI*4**£ ttfi 

Mg: 0. 001-0. 02wt%. X'£hb^olaJUiZ&l%^ JSffll&SHflHtfeC r£W 

Y : 0. 001-0. 0 2wt%. gi|B£f8j£U:ktf)T&.?>. 

Zr:0. 001-0. 0 2wt%. [ 0 0 0 7 ] ^fSBJJOgi'fctS i: ZZltT&Ot&t) 

Hf : 0. 001-0. 02wt%, •?&!>. 

Ca:0. 001-0. 02wt% (1)C:0. 0 5-0. 30wt%, Si : 0. 0 5 
Vo1?CDim£tzl,i2my±Z%tt&ZtZ<mt-t 30 -l. 0w«Jn:0. 05-2. Owtl C 

&ft$mitt:&2m<01$Wmi£&il&Crmm r : 1. 0-5. Owt%. Ni : 0. 0 1-1. 0w 

m. t%. Mo : 0. 3—2. 0wt%, N ! 0 . 003— 

imkVPtfflKWPM] 0. 0 5 0wt%, V:0. 0 5-0. 50wt%, $ 

[00 0 1] fc*>'?/H-IHfc;-*7': 0. 3-2. 0vol%»8 

asue. »fc*a? u -:r5i*fc»ifcc r«ysifc cristr & n b st^^n b* =0.25 

tebkhnX-hh. -2. 5wt%m, »»Featf^»W*6IIJ0» 

[0002] ktc*). fr-oWC? V 9VB0tmAtt'f9Wms& 

mmttttx. mwj-7&&£ii-t&yx74b 40 r^ws^. 

mmmim<mw2tix^h. zonmmzmzti [ooos] (2>w:o. 03-3. owtxm 

•S>i!O0!It l/C, J I S$*gSTBA2 4 (2. 2 5C L, ^CCu :0. 05-1. 50wt%. Ti: 

r-lMof) , SCMV4 (1. 2 5Cr-0. 5M 0. 0 0 5-0. 0 5wt%. B : 0. 00 0 5—0. 

o-O. 3VM) tfhh. 01wt%. Co : 0. 01-3. 0wt%O?*><7)l 

[ o o o 3 ] mto*irtzttm>mc&tt. a*fett2w^**»t*m«iiE»ojtaBMct« 

ISt 3-5044 8^4MBfc*$<X* 1 4 ft£C r^»3<$g. 

Cr-Y 2 0 3 IStffcS. -fmiZffitmmmizmil (3)A1:0. OOl-O. 0 2wt%. Mg:0. 

^ztAjft ix&±ttmi-hcox'mtnmz&tt.m 001-0. 02wt%. y:o. ooi-o. 02w 

tt&Zit&Zt tmmX-h h titb , ffNEOMetite. ffi t%, Zr : 0. 00 1-0. 02wt%, Hf : 0. 
^fe&tmmX'hhtt-llfrTzU yfmzm^XY SO OOl-O. 02wt%. Ca : 0. 001-0. 02 
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w t o *><0 1 mt fcli 2 WlkZttt&IR® 1 1 
[0009] 

frbO. 0 5vtt%&±W&mX'bl1)K 0. 30wt 
%mimat&tHb, Ta, V itMC r CO^^S. 

X'c?>±mi*o. 3 0wt%t-ri,. 
[ o o i o i s i ummt vxmmx-$> 9«<ko . o 

5wt%Sr^i:-rs. LA>U 1. Owt%S^JnL 
XSimtQ. 05-1. 0wt%fc-f6. Mntf« 

&v^Aftttii&?)*:tf>a:g-es> ogffio. o 5 w t % 

£WfiW&!£ga 5 J>S#. 2. Owt%fi«DTIi^ 
'J-T-SSS^ffiT-f^.. ^OfctfjMnfiliO. 0 5- 
2. OvftXtth. 

[ooincr img.tMft\im&-t&±x'm%x' 

ftS^Sffil. Owt%&g-C*>l>#, 5. Owt% 

IfctfiXCrMm. 0-5. Owt%t-TI.. 
N i ®tt&vmfttt£?t&-f 0 . 0 1 % 

<(OX'±Mil. OwtXfcf*. 
[00 12] Moli»ft+C@&L;t*£tefcVvCi, 

t=*rtvti*u^y-7«ttfc**fc*>fHK0. 3w 
tJfefiafC****, 2. 0wt%SO»t*«i^7i5 

0. 3-2. Owt%fc"fS. 

[0013] N«»a«tita*ur b , 

LT«faSLTt*LV^ 'J-7«Si<0iai±fc:«-i-4fc 
£>&{80. 0 03wt%S:^Si:-ri). L*>U 0. 0 
5 Owt%lB*^Lfc*^£^TaK0raTr4 J: 
3(C&£. L7t**-5-CN4(40. 0 0 3-0. 0 5 0w 
t%fcf£. VliiWMSIlii: LTfflBS*T5ME*il« 

fcfcfcteO. 0 5wt%fclh# { *£gT*l>. U>L0. 
5 0wt%®(7)^D<i:*7x7-f h<0«fJiiSrffl<. Lfc 

3.14 mmitc 

tmmm = — • 

4 msssm c^m*) 



*#<oTVfiliO. 05-0. 50wt%ti-|.. 
[00 14] IKt^y^/MiKTaz Os ) OjftSi: 

eft-#7 (±t=Nb 2 os ) oymmix'hh. k 

O^fWO. 3vo 1%J2U:T*U*. U&»U 2. 0 
v o 1 %$:Sxl.»{i*>ioT®tt^fiT^eH-f S 

10 0 . 3 v o 1 %U£2 . 0 v o 1 XJaTfcRS Ufc. $ 

i&±t^n<. mmwzmaLx^Ayfkixft 

£>f6. Tae O, TaO, Ta2 O, Ta02 , Ta 
0.83O2 , Tao.9702 , Tao.8 O2 , Fet Ta! 
O9 , FeTaOt , FeTaOe , Ta; CrOe , 
CrTaO. mcMX'ffiEth . Stfk-^tiN b 2 O 
5 tf)flL Nbe O. NbO. Nb 2 O, Nb0 2 , Nb 
12O29. Nb02.46, Fe4 Nb2 O9 , FeNb 
20 04 , FeNboOm , FeNbn029, Nbo.6 C 
ro.4 02 , CrNb04 mM&r&F&th. tizWt 

-^tmit^y^^m^txma-t&^^bt t 

a 2 OismNbtTaLimSLXWmitmS^tzBX- 

[0015] wcf y 9)vmmii-*7<r>¥mm 
mAtfmEmmftX'$> ->x mfcf >*MWMtt 

30 M{t-*7mmm<7)mAiz%*)*t<®mmL< 

&T*Z>t:#>X't>h. lum&TX'hfUf'biZ^ m 

[ 0 0 1 6 ] «rtj» mfflimmwtmx o trajjet 
TTie ( 1 ) 5W=ftoT*art-*. -«r*>^ 

u 5K*»i9iag*ia«sB&r4. .rots 1 ooo- 
50000 te?a3*flwfcatf 3fflffla±-ciM3ft 1 

40 [00173 
* [8U3 



(*iS<D2^©¥^fil (/im*) ) X100 CD 



[00183 Ta\mtt.?y?>i>k ix. Nbimit- »wk^y^^fcu<tt^-*^*a^6»Kaanrt 

Ta. NbtKliTa (C, N) . Nb (C, N) fc (iiE-fl:-5i-^<7)-gPAi^ML^t><OT'J>l.. &{t?>? 
LXhlf&fh. Ztlt><7)TaRVHbmii. ^4>tC^50 /P+BKk^jj-ytfO . 3vo l%tWtJ> ^Ta + 
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£Nb(iO. 25wt%fc&!>. $4,{C^Ta+^Nb 
*fc IX 2. 5vtt%Z&llt7V-7m®<r)&TZ 
£Ta+£NbiiO. 25v*t%&±2. 5 

[00193 wiiatft* nmm uzm^iza^x t , t 

tz%&m*&%®te&tob lxm&lztftiilfz®£lz 
}5^Xb%l^9V-7im i t%Z>tzit)&&0. 0 3w 
t%>&£X'hht>K 3. 0wt%Sc7)ttt'«±^g©(b 

c9££>WfiliO. 0 3-3. Owt%i:-ri>. Cu, T 10 
i . B . C ott&Afttt£i5tf>, ? U-7^S • 

x ? y -rsMfiw^ l , 

U§<&3>£tf>. Cu : 0. 05-1. 50wt%. T 
i : 0. 0 0 5-0. 0 5wt%, B:0. 000 5- 
0. 0 lwt%. Co : 0. 0 1—3. 0wt%£-£ft 

[00 203 A 1 . Mg, Y, Zr, Hf , CatiUtt 

mmtt.-*ytwtL? y-rssjssrffiTS-e&fc 

ft, Al :0. 001-0. 02wt%. Mg : 0. 0 
01 — 0. 0 2wt% s Y : 0. 001-0. 02 wt 
%,Zr:0. 0 0 1-0. 02wt%, Hf :0. 0 
01 — 0. 02wt%, Ca:0. 001—0. 02w 

txizmzuz. ztit>7m<r>mute. mc9y9)VR 
iwit-tT'nmnmzmmwzffim hzt^mti 

[002 11 

[HS6W3 «1, *2 (Slfto^) . 314 30 
(^300^) , H5. &6 (j|5?)0^#) l,Z7Ft 

w 6oox;/i oooohco^v-rmi^^m^. 

Uz. 

I 0 0 2 2 1 Kft? V*yl4»*RtfiMl:^*7» 

9 v 9 tvmm\t~^\m\mxh * c t 

3,^5 *<rymt? y9)V+mt-*7<»mmiit 40 
( 1 ) *»M«ALfci«T**. Wc.9yfiWt.Vm. 

-*7*ti?ti<7)imm*. -sttntmrnzmmnm. 
^itimtxmaiti. ztumftnKTimfcfyf 
>ut&it-*7i:m<tt-hztimmx'f>ht:#>x'f> 

[00 2 3] *l~^6(C^-f^p*> No. 1-15 

\t*%*n?>m®m<mx'b o . n o . 1 6- 3 9 ii# 

TJKBr^JS*<l 4 OMPafcLLfcisffi? y-TTKBf&S 
mTSmtlfct) KWiTV*. 4fc*IK«BNo. 50 



ftlH^-l 50 289 

6 

1 - 3 (Cfcv vriM3*^3>v*5M&W(< n 
i>. 

[0024 J lUBMNo. 16»iC*mi*)l-Ci)0, 

o. 1 i\tcifm\x'hh^m.mm.±^.tm. 

namuo. 1 8its anm^mxh 
zt:tommE.immmiz& ->x* yn«, y\z>m 

[0 02 5 3 iffltMNo. 1 9tiS itfmiX'hht:*) 

mawaztzti. mmmtf*jLLtztzfr®.mm< 
%^tz. jt«iSNo. 2o\mmn : wmx'h y ). m 
%Mxj)<*+ftX'b^tztzim&im<%^tz. imm 
no. 2 h±m n immx-h s t&mstwt <%->-tz. 

[00 26 3 Jt8$INo. 2 2\tCrtfm\X'bZ>tZ#> 
%am&< %^tz. JttSMN o . 2 3ttN i jWMTC* 
4fcrt3fcKiWK<*-5fc. imMNo. 24<iMo*>-7F 

o . jt®^ no. 2 5 <iM o tr&mx-b 0 . &JSI3fc 

[0027 3 JttSilNo. 2 6itVifiT-S.lXH*), ft 
tfflLikfimfrZfr-itztzft&SamKK^fz. iffiMK 
o. 2 7ltVfi<m\X'f> Y ). #7x7 4 bjfiWritiLfcfc 
*5SUfc6 t flS< ! arofc. itUlSHNo. 2 8(±N*q^^LT 

*so, mm.m+ftx^tzfrm&fi&^'itz. 

[00283 itBEiJN o . 2 9liN36^»fC*4fcft3* 
S* { ffi< JtKilN o . 3 OiaWBft*CFIELT 

iso. ftm.m+ftx^tzfrmmfi&KK'iiz. it 

MNo. 3 1 UIMblM^WTft 0 . fflfeWST Ufc 

[00293 Jt«i3No. 32\mm. 4Ta+iN 

ft<*ofc. ttHMBNo. 3 3«i^Ta+^Nb*ijg|l| 

No. 3 4J41WMlW>tta3&«a*-C*0. ^MWMa&op 

[00303 JttWHNo. 3 5(iW*qMflTft"), 
I^^W i a*'ft.Lfcfc«>3M&6 t ft<*-5fc. iti^N 
o. 3 6«iTi*ia«IT* , 3. ?y-7mtt<9ffiT£ff 
^3$®*%<^-7/i. JtU^No. 3 7«B*<3a*ilT-J> 

[003 1 3 JtlMBNo. 38tiCu, Mg^^T'J. 

0 , ^ y -r@tt^(ST y^/i-^aTc^fi 

fcfc«M&WK<$rofc. ikK^No. 3 9<iAl, Z 
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